The occurrence of chlorosis on muck soils to which lime was added was found by LOEHWING (4) to be correlated with low acidity of the sap of plants growing on these soils, as compared with the H+ concentration of the sap from similar plants grown on unlimed soils. It was held that on the limed soils the iron failed to reach the leaves in sufficient amounts, because the iron was precipitated in the roots and the stems, on account of the low acidity of the sap in these parts. MARSH and SHivE (5) observed that the iron content of stems of chlorotic soy beans was higher than that of stems from green plants, while the iron content of the chlorotic leaves was lower than that of green leaves.
Introduction
The occurrence of chlorosis on muck soils to which lime was added was found by LOEHWING (4) to be correlated with low acidity of the sap of plants growing on these soils, as compared with the H+ concentration of the sap from similar plants grown on unlimed soils. It was held that on the limed soils the iron failed to reach the leaves in sufficient amounts, because the iron was precipitated in the roots and the stems, on account of the low acidity of the sap in these parts. MARSH and SHivE (5) observed that the iron content of stems of chlorotic soy beans was higher than that of stems from green plants, while the iron content of the chlorotic leaves was lower than that of green leaves.
The work just referred to was conducted with annual plants. It has been observed, however, that chlorotic leaves from fruit trees may contain as much or more iron than green leaves (7) . Further, MILAD (6) and WALLACE (8) did not find a significant difference between the iron content of bark or wood of stems and roots from chlorotic and green trees. These findings indicate that chlorosis cannot be explained solely on the assumption that iron fails to reach the leaves in sufficient amount for normal development of chlorophyll. If iron moves to the leaves in the tracheal sap, then the question arises, is the H+ concentration of the tracheal sap sufficiently high to prevent the absorbed iron from precipitating in the stem before reaching the leaves? The present work was undertaken in an attempt to answer this question.
Material and methods Three series of branches of Hardy pear trees were collected from an orchard situated in the Santa Clara Valley in California. The soil in this locality is rich in lime, as a consequence of which "lime-induced chlorosis" is common. Practically all the trees in this orchard suffered from chlorosis, which was found to be curable only by administration of iron salts to the trees. One series comprised branches from normally green trees; another series comprised branches from chlorotic trees which were treated with iron citrate, as a consequence of which they developed deep green leaves; and a third series comprised chlorotic branches. A fourth series of samples was taken from another orchard situated also in the Santa Clara Valley, but in which all the trees were healthy and green.
The samples were collected at different times of the day, but all branches collected at any date were taken at the same time of the day, in order to eliminate the effect of possible diurnal differences in pH. As soon as the branches were severed from the trees, the leaves and twigs were removed in order to prevent loss of water by transpiration. The branches were then removed to cold storage (360 F.) over night, after which the tracheal sap was extracted according to the method of BENNETT Results and discussion Figure 1 shows that the H+ concentration in the tracheal sap is higher at the beginning of the season than later. The period of high acidity lasts in green trees for about six to eight weeks, while in chlorotic trees it is shorter. The same difference between chlorotic and green trees was observed also in Bartlett pear trees grown in the Santa Clara Valley. This difference in the H+ concentration is correlated, presumably, with growth activity of the trees.
Except for the difference in the duration of the period of high acidity, no significant difference exists between the pH of the tracheal sap of green and chlorotic trees. The H+ concentration of the sap from chlorotic branches may be equal to or greater than that of green branches collected at the same date and at the same hour of the day. The concentration of iron in the tracheal sap of branches from the healthy orchard is higher practically throughout the season than that of the chlorotic branches. The "healthy orchard" referred to was situated in a lime soil, and, although the trees in this orchard could not be classed as chlorotic, there were indications in the form of slight traces of chlorosis that they were on the verge of becoming so. Additional data, not reported in this paper, indicate that the iron content of the tracheal sap of branches from Bartlett pear trees grown in non-calcareous soil is, on the whole, higher than that of branches from trees grown in lime soils.
It should be borne in mind that the extracted tracheal sap is in equilibrium with the atmospheric air; while in the plant the tracheal sap is in contact with the gases of the cellular and intercellular spaces, which are in all probability much richer in CO2 than in air. Since the tracheal sap possesses a weak buffer capacity (1), it is very likely that in situ its H+ concentration may be materially affected by the CO2 concentration of the internal gas. The pH of the extracted sap may not, therefore, represent the true H+ concentration of the tracheal sap in the plant. Since, however, it seems that most of the CO2 present in the sap escapes from it after its extraction, it is believed that the amount of iron in the extracted sap is substantially the same as that of the tracheal sap in situ. The data relating to the concentration of iron in the tracheal sap are presented in table II and figure 2, from which it is seen that, at the beginning of the growth season, the concentration of iron increases very rapidly and then falls abruptly. This rise and fall takes place during the swelling of the buds and blossoming; it lasts three to four weeks. It yet remains to determine what portion of the iron in the tracheal sap during this period is derived from the stored reserves in the plants.
The concentration of iron in the sap fluctuates during the rest of the season, but remains on the whole at a lower level. In the sap from trees which were treated with iron' during the winter, before growth started, the concentration of iron was higher during the first part of the season than it was in sap from untreated trees, which was to be expected.
The fact that concentration of iron in the tracheal sap falls shortly after the beginning of the growth season is no indication that the rate at which iron is absorbed by the tree decreases. Indeed the rate of accumulation of iron in leaves is practically constant throughout the growing season.
